Seventy measurements of CBF were per formed in 12 stroke patients by 133Xe inhalation and a rapidly rotating single photon emission computerized tomograph. CBF was measured every other day during the acute phase and at 2-and 6-month follow-up visits. A persistent contralateral cerebellar blood flow depres sion was evident in five patients with severe hemispheric low flow areas, which correlated with large, hypodense lesions on the computerized tomographic scan. In a sixth patient with a small, deep infarct, a transient crossed cer ebellar low flow was observed, while the clinical symp-Experimental research in animal models on CBF and cerebral metabolic rate (CMR) (Ginsburg et aI.,
1977) has demonstrated that acute ischemic infarc tion initiates a series of events that are not limited to the region of infarct but also involve more remote areas. Until the recent advent of tomographic tech niques for quantification of CBF and CMR in hu mans, it was not possible to study such changes in stroke. Using positron tomography Baron et a1. (1980) have reported a parallel reduction in blood flow and oxygen uptake in the cerebellar hemi sphere contralateral to the side of supratentorial ischemic infarction and termed the phenomenon "crossed cerebellar diaschisis." However, Baron et a1. (1980) suggested that this phenomenon is re versible, since it was observed only in the first 2 months after ischemic stroke, but later, Lenzi et a1. toms persisted. It is concluded from this serial study that crossed cerebellar diaschisis is a common finding in com pleted stroke. It is probablY caused by disconnection of the corticopontine pathways, a disconnection that tends to persist. The phenomenon is in fact less variable than the stroke-related CBF changes in the infarcted hemi sphere, in which a period of relative hyperemia is fre quently seen. Key Words: Cerebral blood flow-Cere bral metabolic rate-Crossed cerebellar diaschisis Single photon emission computerized tomography Stroke.
(1982), using the same technique, reported that the contralateral depression of cerebellar blood flow and metabolism tended to become more evident in patients studied later than 50 days after the onset of clinical symptoms.
Single photon emission computerized tomog raphy (SPECT) following 1 33Xe inhalation consti tutes a technically simpler approach for tomo graphic measurement of CBF. This technique greatly facilitates serial measurements and prompted us to carry out a more detailed evaluation of cerebellar blood flow in the early and late periods following acute cerebral ischemia in order to decide whether the phenomenon is transient or persistent.
MATERIALS AND METHODS

Materials
Twelve consecutive stroke patients-8 men and 4 women (mean age 60 years, range 33-75 years)-were included in this study as they developed sudden focal neurological symptoms from the hemispheres. Inclusion criteria were based on an accurate history, a thorough neurological examination, and a computerized tomog raphy (CT) scan without evidence of haemorrhages or tumors (in most cases with findings compatible with ce-rebral infarction). The upper age limit was 75 years. The clinical symptoms of the patients in the acute and chronic phases ranged from moderate to severe motor or senso rimotor disturbances. In three cases these were combined with aphasic symptoms (Table O . All the subjects had been without neurological symptoms before admission except for one patient. Over the previous 9 months this patient had suffered transient ischemic attacks affecting roughly the same brain area subsequently involved in the stroke. Two patients were treated for cardiovascular symptoms, arterial hypertension, and heart insufficiency, respectively. A third patient, a 33-year-old woman, had congenital heart disease (patent ductus arteriosus and coarctation of the aorta with pulmonary hypertension).
CBF was measured as soon as possible after admission, usually 1-2 days after the development of symptoms. In the days following admission CBF was measured every other day, yielding four to six CBF measurements per patient in the acute phase. CBF was studied again in the chronic phase of the disease after 2 and 6 months. Each patient received a detailed neurologic examination in con junction with every CBF measurement. A CT scan was performed in the acute phase of the disease during a pe riod ranging from I to 6 days after the ischemic stroke in 11 patients. One case could not be studied in the early phase. A further CT scan was repeated in the chronic phase of the disease at the 8-week follow-up. Carotid an giography was performed 2-15 days after the onset of symptoms in II subjects and at 30 days in the 12th patient in the series.
CBF measurements in a series of 10 normal volunteers (hospital staff, mean age 43 years), each studied three times at I-week intervals, provided control values.
CT scanning was performed with a Somaton DR (Sie mens) or with an EMI 1010 head scanner.
CBF method
CBF was measured by 133Xe inhalation and a rapidly rotating SPECT described in detail in previous publica tions (Stokely et aI., 1980; Celsis et aI., 1981) . During and after 1.5 min of 133Xe inhalation a sequence of four to mographic pictures (32 x 32 pixel matrix) are recorded from three slices simultaneously. These slices are posi tioned 1, 5, and 9 cm above the orbitomeatal (OM) line and are termed slice 1,2, and 3, respectively. The spatial resolution is 1.7 cm (full width at half-maximum, FWHM) in the horizontal plane and 2.0 cm (FWHM) in the axial plane. Calculation of CBF is based on the combination of two principles: (1) the bolus distribution concept al lowing for recognition of ischemic low flow areas, and (2) the clearance concept (a profile of the counting rate in each pixel in the four time intervals) which, together with the input curve, allows quantification of CBF. Scaling of the early isotope distribution (recorded from 0 to 2.5 min) in absolute flow units (mlliOO g/min) is accomplished using the clearance concept with high counting rate pixels. This calculation includes a chosen value for the brain-blood partition coefficient of 0.85 mllg. No correc tion for Compton scatter was applied. An attenuation coefficient was used to correct for tissue absorption of radiation. This attenuation coefficient was set at 0.18 cm -I, a value resulting in a uniform picture of a water filled phantom. The input function to the brain was re corded by a stationary detector placed over the right lung. The end expiratory PaCOZ was measured before and in the third and fourth minutes of the study by an infrared cap nograph.
Mean hemispheric CBF was calculated from slice 2 (OM = 5 cm) and slice 3 (OM = 9 cm) by manually delineating the contour of the unaffected hemisphere. Flow values in the affected hemisphere were then auto matically obtained in the symmetric region of the affected hemisphere. Mean hemispheric cerebellar flow values were subsequently calculated in the same fashion from slice I.
It should be mentioned that calculation of CBF in slice I (OM = I cm) was performed only on the posterior half of the 32 x 32 pixel matrix to avoid the high isotope uptake in the nasal cavities most often seen in this slice, which would have led to an underestimation of the cer ebellar flow values because of the algorithm used for CBF calculations.
The left-to-right-side difference between the hemi spheric cerebellar flow values as percentages of the highest value was 2.4 ± 3.4% (± SD) in the normal ma terial (30 studies). Ta king the numerical side-to-side dif ference between the same regions as a percentage of the highest value yielded 3.3 ± 2.3%. On this basis, a side to-side difference exceeding 10% was considered ab normal (significant at the 5% level). 
RESULTS
Crossed cerebellar diaschisis
In five patients a significant cerebellar side-to side asymmetry was clearly seen in the early flows, a finding that persisted in the late flows (Table 2) .
For the group as a whole (cases 1-5) the average value for cerebellar asymmetry was 15 and 20% in the acute phase (0-6 days and 7-30 days, respec tively) and 21 and 13% in the chronic phase ( In one patient a significant side-to-side difference in cerebellar flow was evident only during the first few days. This patient suffered from a small, deep infarct; details of the case history are given below.
Persistent crossed cerebellar diaschisis (case 3)
This 57-year-old man suffered an acute, severe, right-sided sensory and motor hemisyndrome with severe global aphasia and hemianopsia. Angiog raphy showed left MCA occlusion (except for a temporal lobe branch). A CT showed a very large left-sided hypodense area involving the posterior half of the frontal lobe , the larger part of the parietal and temporal lobes, and subcortical structures. The first CBF tomogram taken on day 2 (Fig. la) showed a left-sided hemispheric low flow, slightly exceeding the CT lesion in extent, and crossed cer ebellar diaschisis of 16%. On day 10 the fifth study was made (Fig. Ib) , showing reperfusion of the in farct area, but cerebellar diaschisis was still severe at 20% and the clinical state was unchanged. The tenth flow measurement made on day 72 (Fig. lc) showed that the hyperemia had subsided, but cer ebellar diaschisis was essentially unchanged at 25%.
Transient crossed cerebellar diaschisis (case 6)
This 69 CBF showed that the hemispheric flow was essen tially symmetric and a crossed cerebellar diaschisis of 14% (Fig. 2b) . On day 65, flow number 7, with Values are calculated as the hemispheric difference as a percentage of the highest flow. The side with the lowest flow is denoted by L (left) and R (right) . Note, that in all five cases with significant cerebellar asymmetry, the lowest value is found contralateral to the cerebral hemisphere with the lowest flow, which correlated with the clinical symptoms. In the remaining cases (except for case 6) also, the slight side-to side difference correlated with the clinical symptoms. there is a large low flow area in the left middle cerebral artery territory. On slice 1, a contralateral cerebellar blood flow depression is evident. b: 10 days after stroke. On slices 2 and 3 there is a reperfusion "luxury perfusion" of the infarcted area. On slice 1, cerebellar diaschisis persists unchanged. c: 72 days after stroke. On slices 2 and 3 there is a large low flow area in the left hemisphere. Luxury perfusion has dis appeared. On slice 1, cerebellar diaschisis persists un changed. there is a moderate low flow area in the left middle cerebral artery territory. On slice 1, a slight contralateral cerebellar low flow area is evident. b: 4 days after stroke. Slices 2 and 3 show symmetrical blood flow. On slice 1, cerebellar dias chisis is evident and reaches a significant value. c: 65 days after stroke. Slices 2 and 3 show symmetrical blood flow values. On slice 1, cerebellar diaschisis has disappeared and cerebellar blood flow is symmetrical.
unchanged paresis and aphasia, CBF was normal in all three slices (Fig. 2c) .
No crossed cerebellar diaschisis
The remaining six patients in the series did not show a significant cerebellar side-to-side asym metry, either in early or in late CBF measurements. In two of the patients, a medium-sized, moderate CBF defect in the forebrain was present only in the acute phase of cerebral ischemia. These low flow areas correlated with medium-sized cortical and subcortical infarcted regions on the CT scan, whose volumes ranged from 25 to 32 ml. The hypodense lesions were located in the temporal lobe (posterior watershed areas).
In four patients the tomographic flow map was normal. In three of them the CT scan showed a small infarcted area in the parietal region, in the internal capsule, and in the pons, respectively. In another case the CT scan was normal.
Additional observations
No transhemispheric blood flow depression (dif fuse diaschisis or mirror "focus") was seen in the total series comprising 70 studies in the 12 patients. No morphological alterations in the posterior fossa were observed on the CT scan, either in the acute or in the chronic phase of the disease.
DISCUSSION
The diaschisis phenomenon was first observed by von Monakow (1914) , who reported a transient im pairment of functional activity in an area remote from the site of a primary brain lesion. The neuro genic basis of the diaschisis was subsequently sup ported by Kempinsky (1958) , who considered this phenomenon the expression of a functional involve ment (deafferentiation). Lack of anatomical damage in the remote region was considered related to the fact that only the fiber tracts were affected, while the neurons were still intact. Our noninvasive study of cerebellar blood flow confirmed the frequent ap pearance of crossed cerebellar diaschisis in unilat eral ischemic infarction. In agreement with Lenzi et al. (1982) , we observed that a contralateral cer ebellar blood flow depression persisted (slightly at tenuated) at the 6-month follow-up in patients with large cerebral lesions on CT scans and (even larger) on CBF scans. In agreement with Baron et a1. (1981) we think that supratentorial ischemic lesions can induce a functional transneural depression in the contralateral cerebellar hemisphere through deactivation of the neural pathways that connect the cortex to the contralateral cerebellar cortex. However, this phenomenon seems generally to be irreversible, as it persisted in most of our patients. The appearance of a contralateral cerebellar blood flow depression in a patient with a small, deep la cunar infarct suggests that reversible involvement of the corticofugal tracts at different levels may in duce a reversible deactivation of the cerebropon tocerebellar pathways. From our observations it ap pears that, when the anatomical lesion is large, the diaschisis phenomenon is persistent, while it can be transient when the damage affects more limited brain areas.
The experimental study of Dauth et a1. (1980) in monkeys suggested an influence of both precentral and postcentral cortical areas in the development of crossed cerebellar diaschisis, as they found that lesions at both locations reduced deoxyglucose me tabolism in the ipsilateral pontine nuclei, as well as in other subcortical gray matter structures (cere bellar deoxyglucose uptake was not mentioned). All of our five patients with persistent cerebellar dias chisis had both motor and sensory symptoms and large CT lesions involving both pre-and postcentral cortex.
In contrast, patients without cerebellar diaschisis and one with a transient diaschisis, tended to have smaller or absent lesions on CT scans. It should be noted that Rougemont et a1. (1982) , in their positron tomography study of seven cases of lacunar infarc tion (diagnosed clinically), also reported negative findings, i.e., the absence of cerebellar diaschisis in the acute phase, days 3-10. Our data with dias chisis cannot determine the localization of the le sion eliciting the phenomenon. Recently Kanaya et a1. (1983) studied CBF in series of spontaneous in tracerebral hematoma using the same 133Xe tomog raphy method we used. Comparing early (before 3 weeks) and late (5-12 weeks) measurements they found persistent crossed cerebellar diaschisis in pa tients with putaminal haemorrhage, whereas dias chisis was not observed in patients with thalamic haemorrhage. Using positron emission tomography eSO) Martin and Raichle (1983) reported crossed cerebellar diaschisis in patients with frontal lobe in farction. These two reports are not contradictory to data from our patients with crossed cerebellar dias chisis which showed large, mainly laterally located frontotemporal lesions. The well-known but fairly rare phenomenon of crossed cerebellar atrophy, oc curring after unilateral cerebral ischemic lesions, has been considered by Baron et a1. (1980) to be a late manifestation of the same process that causes crossed cerebellar diaschisis of CBF. This may well be true, but there was no evidence of CT scan de fects in the posterior fossa in our patients or in those reported by others.
The clinical approach used here to analyze the phenomenon of crossed cerebellar diaschisis has several shortcomings. A precise localization to gyri or fiber tracts is difficult to ascertain. Experimental studies in animals using CBF/CMROzICMRGlu au toradiography would be important to determine the relation between hemispheric lesion and cerebellar flow and metabolism.
